###### Strengths and limitations of this study

-   This study is the first phase II, randomised controlled trial to evaluate docosahexaenoic acid (DHA) supplementation concomitant with neoadjuvant chemotherapy to treat non-metastatic breast cancer.

-   The intervention is minimally invasive and side effects from the supplementation are not expected.

-   This study is powered to examine the key clinical outcome of changes in Ki67 index from prechemotherapy biopsy to surgical excision based on group sample sizes of 23 patients in group 1 and 23 patients in group 2 in order to achieve 81% power to detect a difference between the group proportions of 0.4.

-   This study will measure clinically relevant intermediate outcomes, including rate of pCR in breast and in axillary nodes, rate of grade 3 and 4 chemotherapy-associated toxicities and hospitalisations, as well as additional outcomes including plasma phospholipid content of DHA, markers of immune function (plasma cytokines, inflammatory markers and lymphocyte function), tumour markers for apoptosis and tumour infiltrating lymphocytes, and patient-perceived quality of life.

-   The study will include all subtypes of patients with breast cancer undergoing neoadjuvant chemotherapy, but is not powered to assess differences between subtypes.

Introduction {#s1}
============

Despite improvements in early diagnosis and treatment, breast cancer remains the second leading cause of cancer-related death in women.[@R1] While neoadjuvant chemotherapy aims to improve surgical resection outcomes and reduce/eliminate micrometastases,[@R2] pathological complete response (pCR) is not achieved by all patients.[@R3] Increasing the efficacy of neoadjuvant treatment without adding additional side effects would benefit this population.

Docosahexaenoic acid (DHA) is an omega-3 long-chain polyunsaturated fatty acid (n-3 LCPUFA). The majority of n-3 fatty acids are in the form of the 18-carbon fatty acid alpha-linolenic acid (ALA). While DHA can be synthesised from ALA and other n-3 LCPUFA in the body, endogenous synthesis is low.[@R4] Consequently, the direct consumption of this fatty acid is the only way to significantly increase levels of DHA in tissues.[@R6] Supplementation can increase blood plasma DHA concentration by twofold (500 µM), which can lead to plasma membrane lipid enrichment.[@R7] Incorporation of DHA into tumour membrane phospholipids has been shown to reduce breast cancer cell proliferation[@R8] and increase apoptosis[@R10] in vitro, and to decrease tumour growth in animal models.[@R13] Additionally, providing/feeding DHA has been shown to increase the efficacy of different chemotherapeutic drugs in animal models of breast cancer.[@R11] While there is limited clinical evidence, it has been shown that increased dietary intake of n-3 LCPUFA, including DHA, results in increased DHA incorporation in breast adipose tissue,[@R20] and this correlates with improved response to chemotherapy.[@R21] In an open-label trial with patients with advanced metastatic breast cancer, DHA supplementation and enrichment into plasma phospholipids were associated with improved outcomes.[@R22] Other clinical trials have reported that supplementation with n-3 LCPUFA at a wide range of doses (0.6--8.6 g/day) increased tolerability of chemotherapeutic drugs in a range of malignancies at other sites, including lung, pancreatic and colorectal (reviewed in ref[@R23]). Consequently, we hypothesise that the therapeutic index (efficacy to toxicity ratio) of neoadjuvant breast cancer chemotherapy will be improved with the addition of DHA to the treatment.

Breast cancer proliferation can be assessed by immunohistochemical (IHC) analysis of cells staining positive for the nuclear antigen Ki67,[@R24] as it is expressed in all phases of the cell cycle, G~1~, S, G~2~ and M, but not in G~0~.[@R25] The proportion of cells staining for Ki67 is frequently used as a primary endpoint to measure efficacy of neoadjuvant therapy in clinical trials. The Ki67 index, defining the change between pretreatment and post-treatment Ki67, has been reported to be an independent prognostic factor in luminal A, luminal B, triple-negative and Human Epidermal Growth Factor Receptor 2 (HER2)-positive breast cancer, and has been reported to be a useful surrogate marker of relapse-free survival in luminal B, triple-negative and HER2-positive breast cancer.[@R27]

Objectives {#s1-1}
----------

The objective of this randomised controlled trial is to assess the efficacy of supplemental DHA combined with neoadjuvant chemotherapy in treatment-naïve women with breast cancer measured by changes in Ki67 index from biopsy to surgical excision. We hypothesise that DHA supplementation will increase plasma phospholipid DHA and improve response to neoadjuvant chemotherapy assessed by a decrease in the Ki67 index.

This protocol follows the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) guideline (SPIRIT checklist: [online supplementary table 1](#SP1){ref-type="supplementary-material"}; WHO checklist: [online supplementary table 2](#SP2){ref-type="supplementary-material"}).[@R29]
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Study design {#s1-2}
------------

The Docosahexaenoic acid (DHA) for [W]{.ul}omen with Breast Cancer in the Neoadjuvant Setting (DHA WIN) trial will be a two-arm, double-blind, phase II, randomised controlled trial comparing DHA supplementation and placebo (vegetable oil). The proposed study design with outcomes depicted is shown in [figure 1](#F1){ref-type="fig"}, and the SPIRIT participant flow chart is shown in [figure 2](#F2){ref-type="fig"}.

![Flow chart of trial design with endpoints and proposed experimental analyses. DHA, docosahexaenoic acid; IHC, immunohistochemistry.](bmjopen-2019-030502f01){#F1}

![SPIRIT patient flow diagram of the"Docosahexaenoic acid (DHA) for Women with Breast Cancer in the Neoadjuvant Setting" (DHA WIN) trial. DHA, docosahexaenoic acid; SPIRIT, Standard Protocol Items: Recommendations for Interventional Trials.](bmjopen-2019-030502f02){#F2}

Methods and analysis {#s2}
====================

Study population {#s2-1}
----------------

The study will include eligible women with invasive breast cancer (clinical stage I, II or III) for whom systemic chemotherapy[@R31] is recommended prior to surgery. The study will occur at the Cross Cancer Institute, with central laboratory and clinical analyses occurring at the University of Alberta, both in Edmonton, Alberta, Canada. Inclusion and exclusion criteria are listed in [box 1](#B1){ref-type="boxed-text"}.

###### Inclusion and exclusion criteria for DHA WIN

### Inclusion criteria.

-   ECOG performance status of 0 or 1.

-   Haematology and biochemistry assessments (CBC and differential, partial thromboplastin time, prothrombin time/international normalised ratio, aspartate aminotransferase, alkaline phosphatase, bilirubin and creatinine) within normal range unless determined not clinically significant by the qualified investigator.

-   Ability to take oral medications.

-   Adequate tissue specimen for diagnosis, biomarkers and endpoint Ki67 assays.

### Exclusion criteria.

-   Patients undergoing surgery prior to chemotherapy.

-   Current or previous (within 2 months) daily use (\>1 day/week) of omega-3, fish oil, or other supplements or foods containing DHA (at daily doses \>200 mg).

-   Known allergy to soy or corn.

-   Continued intake of supplements containing vitamin C, vitamin E or β-carotene exceeding the dietary reference intakes (DRI), or other antioxidant supplements.

-   Symptomatic but untreated cholelithiasis.

-   History of deep venous thrombosis, active thrombophlebitis, pulmonary embolism, stroke, acute myocardial infarction, congestive cardiac failure, untreated hypertension and known inherited hypercoagulable disorder.

-   Diagnosis of any other malignancy within the previous year except for adequately treated basal cell or squamous cell skin cancer.

-   Medically documented history of a psychiatric disorder that would preclude consent.

-   Partial or complete loss of vision or diplopia, from ophthalmic vascular disease.

-   Hypersensitivity to any component of the container.

CBC, complete blood count; DHA, docosahexaenoic acid; ECOG, Eastern Cooperative Oncology Group.

Intervention {#s2-2}
------------

All women in this trial will receive standard-of-care chemotherapy throughout the duration of the trial. Breast cancer chemotherapy is developed in a guideline-coordinated system by a single team residing at the Cross Cancer Institute. Consequently, there are only two chemotherapy regimens that are used for neoadjuvant chemotherapy in this population. Each of the two regimens is six cycles in length and given at 3-week intervals with a resultant chemotherapy regimen duration of 18 weeks. Both regimens are docetaxel-based. For HER2-negative disease, patients universally receive the FEC-D (fluorouracil, epirubicin, cyclophosphamide; docetaxel)[@R32] regimen as neoadjuvant therapy, while HER2-positive patients receive the DCH regimen (docetaxel, carboplatinum, trastuzumab).[@R33]

Patients will be prescribed either 4.4 g/day DHA (in 11--1 g capsules), in the form of DHA-enriched, algae-sourced triglyceride oil capsules (life'sDHA S40-O400), or 11 g placebo (corn/soy oil blend) per day (capsules from DSM Nutritional Products, Columbia, Maryland; [online supplementary table 3](#SP3){ref-type="supplementary-material"} for the main fatty acid content of DHA and the placebo). The placebo is balanced for polyunsaturated fatty acid content with linoleic acid to match the DHA treatment. The amount of additional linoleic acid in the diet of this group is not expected to increase inflammation[@R34] and has not been shown to elicit a tumorous response.[@R35] The capsules are to be taken orally throughout the day as tolerated (at any time, with or without food). Capsules are identical in appearance and composition (other than the oils) to maintain blinding of participants and study staff. As the DHA source is an algae-synthesised triglyceride, there are no differences in texture or taste.
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All patients will begin a cytotoxic chemotherapy regimen intended to require 18 weeks for delivery. The intervention (DHA or placebo) will commence at the start of the first cycle of chemotherapy and continue through four to six cycles of chemotherapy (3 weeks/cycle). Should a patient not be able to complete the full six cycles of therapy, the timing of surgery remains 3--5 weeks after the last cycle of chemotherapy is delivered. As local guidelines mandate surgery between 3 and 5 weeks from the last round of chemotherapy, DHA/placebo will be continued until this time (21--35 days after the last administration of cytotoxic chemotherapy).

All patients will be dispensed an additional bottle of DHA/placebo capsules at the beginning of the study to account for circumstances where their treatment is delayed due to treatment-associated toxicities (including but not limited to vomiting, diarrhoea, abnormalities in blood work, fatigue or severe mouth sores). The patients will be requested to continue taking the DHA or placebo as tolerated and will be dispensed additional capsules as necessary. The extra capsules will remain with the patient until the end of the study.

Patients will be encouraged to take the supplements as tolerated (throughout the day at any time, with or without food). Treatment adherence will be monitored by a review of the patient dosing diary and recording the number of any remaining capsules returned at the end of study visit following the last dose of DHA/placebo. Non-compliance will be assessed as consuming less than 50% of the weekly dose for two consecutive cycles. No additional natural health product is permitted beyond a daily multivitamin.

Outcome measurements {#s2-3}
--------------------

Study outcome timelines are summarised in [table 1](#T1){ref-type="table"}. Briefly, outcomes will be measured at baseline, within ±3 days of chemotherapy and/or postintervention (surgical excision). Electronic medical record and/or paper chart review of local control, relapse-free survival and overall survival will occur at 3, 5 and 10 years to explore possible effects on long-term outcome.

###### 

DHA WIN assessment schedule based on SPIRIT

  ------------------------------------------------------------------------------------------------------------------------------------------------------------
  Timepoint                                              Study period                                                                                      
  ------------------------------------------------------ -------------- ------------------------------------------ -- --- -- --- -- --- -- --- -- --- ---- ---
  Enrolment                                                                                                                                                

   Eligibility screen                                    X                                                                                                 

   Informed consent                                      X                                                                                                 

   Randomisation                                         X                                                                                                 

  Interventions†                                                                                                                                           

   DHA 4.4 g/day (11--1 g\                                              ![](bmjopen-2019-030502ilf01.jpg){#img1}                                           
   capsules)                                                                                                                                               

   Vegetable oil placebo (11--1 g capsules/day)                         ![](bmjopen-2019-030502ilf02.jpg){#img2}                                           

   Medication diary                                                     ![](bmjopen-2019-030502ilf03.jpg){#img3}                                           

   Assessment of\                                                                                                     X      X      X      X      X   X    
   compliance                                                                                                                                              

  Assessments                                                                                                                                              

  Baseline/Ongoing                                                                                                                                         

   Demographic data collection                           X                                                                                                 

   Tumour analysis for grade/ER/PR/HER2‡                 X                                                                                                 

   Physical exam/anthropometric measurements             X              X                                             X      X      X      X      X        X

   Relevant medical history/current medical conditions   X                                                            X      X      X      X      X   X    X

   ESAS questionnaire                                    X              X                                             X      X      X      X      X   X    X

   Blood chemistry                                       X                                                                                            X§   

   CBC and differential                                  X                                                                          X                 X§   

   Adverse events                                                       X                                             X      X      X      X      X   X    X

   Assessment of relevant toxicities                                    X                                             X      X      X      X      X   X    

  Primary outcome                                                                                                                                          

   Tumour analysis of Ki67                               X                                                                                                 X

  Secondary outcome                                                                                                                                        

   Assessment of immune function                         X                                                                          X                 X§   

   Assessment of DHA incorporation                       X                                                            X      X      X      X      X   X    

   Tumour analysis of apoptosis and TILs                 X                                                                                                 X

  Exploratory outcomes                                                                                                                                     

   Grade 1, 2 neuropathy assessment                                     X                                             X      X      X      X      X   X    

   Pathological complete response                                                                                                                          X

   Breast conservation                                                                                                                                     X

   Assessment of surgical blood loss                                                                                                                       X

  Study-associated questionnaires                                                                                                                          

   Food Frequency Questionnaire¶                         X                                                                                                 

   Quality of life questionnaire                         X                                                                                            X    

   Godin Leisure-Time Exercise Questionnaire             X                                                            X      X      X      X      X   X    
  ------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Day 1 is day 1 of chemotherapy cycle.

†If patients' chemotherapy is delayed due to associated toxicities, they will be encouraged to continue taking the DHA/placebo capsules as tolerated.

‡From previously collected biopsy.

§Tests required at the end of the last round of chemotherapy (ie, *end* of cycle 4, 5 or 6 as per patients' individual treatment plan).

¶Food Frequency Questionnaire can be completed anytime within the first cycle (21 days) of chemotherapy.

CBC, complete blood count; DHA, docosahexaenoic acid; ER, estrogen receptor; ESAS, Edmonton Symptom Assessment System; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor; SPIRIT, Standard Protocol Items: Recommendations for Interventional Trials; TILs, tumour infiltrating lymphocytes.

### Primary outcome {#s2-3-1}

The primary outcome of this study is the change in Ki67 from pretreatment core needle biopsy to surgical excision. It will be calculated by image analysis and will follow the analytical and preanalytical recommendations of Dowsett *et al*.[@R24] The per cent change in Ki67 index at experimental end (surgical excision) from baseline will be determined on a log scale, and the mean per cent change in Ki67 level from baseline will be calculated. Ki67 assays will be performed and reported as part of the routine diagnostic services. A semiautomated computer algorithm scoring system will be employed as previously described[@R36] using the platform QuPath.[@R37] It is expected that 4.4 g DHA/day will result in a clinically relevant decrease in Ki67.

### Secondary outcomes {#s2-3-2}

-   DHA incorporation into phospholipids: The changes in the level of DHA incorporation in plasma phospholipids will be assessed at baseline and on day 1 (±3 days) of each cycle of chemotherapy (2-6) and the end of cycle 6 to identify the range of DHA incorporation in this patient population. The use of plasma rather than red blood cells or whole blood for this study is supported by the recent recommendations for best practices for fatty acids described by Brenna *et al*.[@R38] Analysis of the plasma phospholipid rather than plasma total lipids avoids the postprandial fluctuation of the triacylglycerol pool and is believed to adequately represent the cell membrane composition.[@R38] From our hypothesis and previously published data,[@R22] it is expected that supplementing with DHA will result in a significant increase in DHA incorporation. If possible, with the small study size, we will also assess differences in DHA incorporation in patients with different breast cancer subtypes and if subtype or disease stage affects DHA incorporation into plasma, controlling for the reported dose taken by the patient. The goal is to determine if plasma phospholipid DHA content can be used to predict treatment outcomes. We will also assess incorporation of other essential fatty acids (linoleic, linolenic, arachidonic, eicosapentaenoic, docosapentaenoic) to determine if there are differences between or within treatment groups.

-   Systemic immune function: Systemic immune function will be assessed on blood samples obtained at baseline, beginning of chemotherapy cycle 4 (day 1±3 days) and at the end of chemotherapy treatment. Changes in markers of systemic immune cell type and function will be assessed following supplementation compared with baseline and the change from baseline compared with patients receiving the placebo. We will also examine the relationship between changes in activation markers and the level of DHA incorporation, and changes in systemic inflammation (C reactive protein (CRP), interleukin (IL)-6, tumour necrosis factor alpha (TNFα)) and immune function (ability to produce IL-2 after stimulation in vitro) following DHA supplementation.

-   Identify factors that may affect DHA incorporation into plasma phospholipids: If incorporation of DHA into plasma phospholipids is variable within the DHA treatment arm, possible factors that may influence incorporation will be assessed between high and low incorporators. These parameters will be assessed at the end of the study from data collected throughout the study.

-   Examine changes in markers for apoptosis: Caspase-3 presence in the excised tumour, as per cent positive cells, will be calculated by image analysis, and a comparison of expression levels at experimental end (surgical excision) and baseline will be determined in patients receiving DHA supplementation and compared with patients receiving placebo. Proportions of negative cells, weakly positive cells and strongly positive cells will be scored by two pathologists, and the staining intensity, assessed by QuPath,[@R37] will be recorded independently. Increased apoptosis measured by caspase-3 is a clinically relevant marker of cell death.

-   Examine changes in tumour infiltrating lymphocytes (TILs): CD4+ and CD8+ in the excised tumour, as a number of positive cells for a given area, will be calculated by image analysis. A comparison post-treatment of expression levels at experimental end (surgical excision) and baseline will be performed in patients receiving DHA supplementation and compared with patients receiving placebo. The differences will be compared between treatments and within the treatment group, related to plasma DHA concentrations. Increased infiltration of TILs is a potential marker that could be used to predict treatment patient outcomes.

-   pCR rate: pCR in resected breast tissue and all sampled axillary nodes will be assessed as absence of invasive cancer by H&E evaluation as per standard of care. pCR will be classified as ypT0/is ypN0 and will be determined at the end of study after surgical resection as part of standard-of-care assessment.

-   Comparison of rate of chemotherapy-associated grade 3 and 4 toxicities: The rate of chemotherapy-associated grade 3 and 4 toxicities and chemotherapy-associated hospitalisations will be compared between DHA and placebo arms. Any changes will then be examined in regard to level of supplementation and DHA incorporation. These analyses will be completed at the end of study after surgical resection.

### Exploratory outcomes {#s2-3-3}

-   Food Frequency Questionnaire (FFQ): The FFQ will be assessed to compare the estimated (prediagnosis) usual intake of macronutrients on an energy basis (including fat content and composition) between the two groups at baseline. In the future, the overall medians/means of the subjects in this study will be compared with age-matched women in the Alberta's Tomorrow Project.

-   Quality of life: Changes in quality of life will be determined by questionnaire employed at baseline and end of treatment. Comparisons will be assessed from end of treatment to baseline within and between treatment groups.

-   Exercise behaviour: Exercise behaviour will be determined by questionnaire employed at baseline, each cycle of chemotherapy and end of treatment. Comparisons will be assessed from end of treatment to baseline within and between treatment groups.

-   Breast conservation: The rate of breast conservation, specifically the rate of lumpectomy and mastectomy, will be determined by review of surgical and pathological reports at the end of study after surgical resection.

-   Volume of surgical blood loss: High intakes of n-3 LCPUFA (that contain some DHA) have been studied to determine if they increase bleeding time.[@R39] We will review surgical report estimates of blood loss to see if there is a qualitative or quantitative difference between placebo and treatment arms, once adjusted for the magnitude of surgery (lumpectomy vs mastectomy vs mastectomy + immediate reconstruction; sentinel node dissection vs full axillary dissection). It is not expected that we will see a difference as it is an eicosapentaenoic acid (the precursor to DHA), which has antithrombotic and antiplatelet properties.[@R41]

-   Local control, relapse-free survival and overall survival: Local control, relapse-free survival and overall survival will be analysed by review of electronic medical records, registry reports and/or paper medical charts at 3, 5 and 10 years to explore possible effects on long-term outcome.

Participant timeline {#s2-4}
--------------------

Patients with breast cancer receiving neoadjuvant chemotherapy account for approximately 20% of newly diagnosed patients with breast cancer, approximately 10--12 per month at the Cross Cancer Institute. Assuming a conservative accrual rate of 30%, accrual is estimated to be completed in 14--18 months with 3--4 patients recruited per month. Each patient will be enrolled for the duration of their individual chemotherapy regimen, an estimated 12--18 weeks (84--126 days) beginning at the start of the first cycle of chemotherapy and continued through 4--6 cycles of chemotherapy (3 weeks/cycle). The intervention will be discontinued 21--35 days after the last administration of cytotoxic chemotherapy when surgery to remove the tumour occurs. See [figure 1](#F1){ref-type="fig"} for a schematic of the participant timeline.

Sample size {#s2-5}
-----------

Fifty-two women prescribed neoadjuvant breast cancer chemotherapy will be enrolled in a two-arm trial with 26 participants per arm. The sample size calculation is based on the primary objective, which is to determine the efficacy of supplemental DHA provided with standard neoadjuvant as measured by change in the Ki67 index from biopsy to surgical excision. Group sample sizes of 23 patients in each group are required to achieve 81% power to detect a difference between the group proportions of 0.4. The proportion in group 1 is assumed to be 0.3 under the null hypothesis and 0.7 under the alternate hypothesis. The proportion in group 2, which is the control group, is 0.3. The test statistic used is the two-sided t-test. The significance level of the test was targeted at 0.05, and the significance level actually achieved by this design is about 0.0497. Assuming a dropout rate estimated at approximately 10% for this patient population, which is approximately 5 patients, a total of 52 patients (26 patients in the DHA supplementation group and 26 in the placebo group) are required for the study.

Recruitment {#s2-6}
-----------

Oncologists and clinical trial nurses at the Cross Cancer Institute in Edmonton, Canada, will recruit newly diagnosed patients with breast cancer. Patients will be screened for eligibility by the clinical trial nurses, and eligible, interested patients will receive a detailed explanation of the study by the study coordinators and written informed consent will be obtained ([online supplementary file 1](#SP4){ref-type="supplementary-material"}).
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Randomisation and blinding {#s2-7}
--------------------------

A biostatistician will generate a patient randomisation list and randomised bottle numbers by covariate-adaptive randomisation (block randomisation). The randomised bottle numbers will be provided to DSM for labelling for both the DHA and placebo groups, and the randomised bottle list will also be provided to the unblinded Clinical Trials Coordinator (CTC, Clinical Trials Unit) and the unblinded pharmacist. Patients will be stratified by histological subtype and then randomised. The allocation of the study arm (as the study is blinded, study arms A and B will be used as this will not identify the placebo or intervention arm) and a unique study identifier will be conducted using the REDCap database. The key to study arms A and B will only be provided to the unblinded CTC, statistician and the pharmacist. The study coordinator will enter the new patient information in REDCap and assign the unique identification (ID) and arm. This information will be shared with the unblinded CTC and the unblinded pharmacy staff. The pharmacy staff will assign the correct bottle numbers based on the study arm on day 1 of each chemotherapy cycle. Following the allocation of the bottle numbers, this information will then be shared with the study coordinator and the unblinded CTC. The bottle ID will be entered in the REDCap database by the study coordinator. All future bottle allocations with the unique bottle ID will be entered into the REDCap database. The key to the study arm will be kept in password-protected computers and will only be shared in an urgent need for breaking of the blind. When a blinding code is broken, the date and reason for unblinding must be fully documented in source documents and entered on the case report form. Every effort should be made by site staff to ensure that the treatment arm in which the unblinded patient is assigned is communicated only to those site staff that require the information for treatment purposes. To assist in maintaining the blind of the patients, supplements and placebo are identical in size, shape, colour and texture, in addition to identical bottles for dispensing. Patients, pathologists, physicians and researchers will be blinded to patient enrolment in the study and throughout the trial. Blinding will only be dropped after analysis of fatty acids, systemic immune function and Ki67 is complete.

Data collection, management and analysis {#s2-8}
----------------------------------------

Study methods are summarised in [table 2](#T2){ref-type="table"}. Briefly, data will be collected and measured at baseline, within ±3 days of chemotherapy and/or postintervention (surgical excision). Electronic medical record and/or paper chart review of local control, relapse-free survival and overall survival will occur at 3, 5 and 10 years. All data will be entered and maintained in the REDCap trial database. Baseline measurements will be analysed once all participants have been enrolled, and all other analyses will occur at completion of trial.

###### 

Variables, measures and methods of analysis

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable/Outcome                                                                                              Outcome measure                                                                                                                                                                                                                                                                                                                        Method                             Statistical analysis
  ------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Primary                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Efficacy of supplemental DHA provided with standard neoadjuvant chemotherapy as measured by change in Ki67.   Ki67 labelling index.                                                                                                                                                                                                                                                                                                                  Immunohistochemistry.              95% t-CI for mean per cent change in Ki67.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Independent t-test to compare change between the study groups.[@R36]

  Secondary                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

   1. DHA incorporation into plasma phospholipids.                                                              Fatty acid composition of plasma phospholipids.                                                                                                                                                                                                                                                                                        Gas chromatography.                Paired t-test will be used to compare the mean per cent change in the DHA level of patients after each cycle with their baseline values. If the data are not normally distributed, the Wilcoxon signed-rank test will be employed for this comparison. A 95% t-CI for the mean per cent change in the DHA from baseline will be compared with patients receiving placebo.

   2. Systemic immune function.                                                                                 Immune cell subset identification.Plasma cytokines.Ex vivo stimulated immune cell response.                                                                                                                                                                                                                                            Flow cytometry.ELISA.Meso Scale.   Repeated-measures analysis of variance with post-hoc analysis.

   3. Identify factors that may affect DHA incorporation into tumour tissue and plasma phospholipids.           Factors assessed after calculating high and low DHA incorporators:Weight (body mass index-BMI).Age.Usual diet estimated from the FFQ.Composition of dietary fat estimated from the FFQ.Histology of the tumour (provided from the biopsy).Amount of DHA consumed (adherence to the supplement).% incorporation of other fatty acids.                                      Independent t-test will be conducted to compare the mean values between the two study groups. χ^2^ test will be conducted to determine correlation between two categorical variables for outcome measures listed.

   4. Examine changes in markers for apoptosis.                                                                 Caspase-3.                                                                                                                                                                                                                                                                                                                             Immunohistochemistry.              Within-subject and between-subject variability between the two groups will be tested using GEE method.

   5. Examine changes in markers for tumour infiltrating lymphocytes.                                           CD4+/CD8+.                                                                                                                                                                                                                                                                                                                             Immunohistochemistry.              Within-subject and between-subject variability between the two groups will be tested using GEE method.

   6. Describe the rate of pCR in breast and in axillary nodes.                                                 Absence of invasive cancer on H&E evaluation.                                                                                                                                                                                                                                                                                          Immunohistochemistry.              pCR=ypT0/is ypN0.\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          95% t-CI using independent t-test for mean per cent change between treatment groups.

   7. Describe the rate of grade 3 and 4 chemotherapy-associated toxicities.                                    Rate of grade 3/4 toxicities and chemotherapy-associated hospitalisations.                                                                                                                                                                                                                                                             Chart review.                      95% t-CI using independent t-test for mean per cent change in events between treatment groups.

  Exploratory outcomes                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

   1. FFQ.                                                                                                      Diet History Questionnaire II                                                                                                                                                                                                                                                                                                          Questionnaire.                     Independent t-test of macronutrient and fat content/composition between groups.

   2. Quality of life.                                                                                          Baseline and endpoint questionnaires.                                                                                                                                                                                                                                                                                                  Questionnaire.                     Paired t-test for continuous variables and McNemar's for categorical variables for mean per cent change in events between treatment groups.

   3. Exercise.                                                                                                 Godin Leisure-Time Exercise Questionnaire.                                                                                                                                                                                                                                                                                             Questionnaire.                     Paired t-test for continuous variables and McNemar's for categorical variables for mean per cent change in events between treatment groups.

   4. Assess the rate of breast conservation.                                                                   Rate of lumpectomy and mastectomy.                                                                                                                                                                                                                                                                                                     Chart review.                      χ^2^ tests.

   5. Assess the volume of surgical blood loss.                                                                 Review surgical reports for quantitative/qualitative loss of blood.                                                                                                                                                                                                                                                                    Chart review.                      Independent t-test.

   6. Analyse local control, relapse-free survival and overall survival.                                        Electronic medical record and/or paper medical chart review at 3, 5 and 10 years to explore possible effects on long-term outcome.                                                                                                                                                                                                     Chart review.                      Kaplan-Meier estimates along with the survival curves, log-rank test will be used for statistical comparison between groups.
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DHA, docosahexaenoic acid; FFQ, Food Frequency Questionnaire; GEE, generalised estimating equation; pCR, pathological complete response.

### Primary outcome {#s2-8-1}

Ki67 will be tested by IHC by the diagnostic biomarker laboratory at the Cross Cancer Institute using the MIB1 antibody on 4 µm sections from formalin fixed paraffin embedded (FFPE) needle core biopsy surgical specimens. At final analyses, Ki67 staining will be repeated as a single IHC stain and interpreted by image analysis. At the time of Ki67 interpretation, slides will be de-identified and coded to ensure the pathologist is blinded to the experimental group. In addition, the original single-stained slides will be interpreted visually by research staff. All Ki67 values (routine and image analysis) will be recorded as absolute percentage and H-score in the REDCap trial database and the participants' case report form. The Ki67 index is validated and used in clinic as a marker of proliferation. The Ki67 index (absolute % and H-score[@R42]) of biopsy and surgical resection (after chemotherapy) will be compared on each participant and between participants receiving DHA compared with placebo.

### Secondary outcomes {#s2-8-2}

DHA incorporation into plasma phospholipids will be measured in venous blood from patients at baseline (time of enrolment in trial) and on day 1 (±3 days) of each chemotherapy cycle by a technician blinded to the treatment group. Venous blood will be collected in coated EDTA tubes and centrifuged at 750× *g* for 10 min to obtain plasma. Red blood cells will be immediately frozen and banked at −80°C for storage for future secondary analysis. Plasma will be separated into six aliquots and immediately frozen at −80°C for storage. Plasma will be extracted by the Folch procedure,[@R43] phospholipids separated by thin layer chromatography and fatty acid content (concentration and relative per cent) measured by gas-liquid chromatography as previously described.[@R45] The percentage change in DHA from baseline will be compared in each patient and a 95% t-CI for the mean per cent change in DHA from baseline will be compared with patients receiving placebo. An internal standard is used to identify and quantify the fatty acids. This standard measure for fatty acid status has coefficient of variation \<5%, and individual gas chromotography (GC) peaks are validated against phospholipid standards (GLC-502 and GLC-643) from NuChek (Elysian, Minnesota).

Phenotyping of immune cell subsets will be measured using whole blood (collected in EDTA tubes). The various cell types will be identified using specific fluorescently labelled monoclonal antibodies to surface receptors (see [online supplementary table 4](#SP5){ref-type="supplementary-material"} for list of antibodies). These will be quantified by flow cytometry, as previously described.[@R46] With the remaining blood, peripheral mononuclear cells will be isolated and purified on a Ficoll density gradient of Histopaque-1077 as previously described.[@R46] To measure cytokine production in isolated lymphocytes, cells will be cultured in media with or without the mitogens, phytohemagglutinin or lipopolysaccharide, for 48 hours as previously described.[@R48] Supernatant will be collected and stored at −80°C for ex vivo measures of immune function (ability and pattern of cytokines produced after stimulation). IL-1 β, IL-2, IL-6, IL-10, TNFα and interferon-γ (pg/mL) cytokines will be measured using electrochemiluminescent multiplex assays (Meso Scale Discovery) or by individual ELISA assays. Cytokines listed above and inflammatory markers including CRP in plasma will be measured by electrochemiluminescent multiplex assays (Meso Scale Discovery) as previously described.[@R49] Cytokines and inflammatory markers in plasma and cytokines from cultured lymphocytes will be analysed when all samples have been collected. Changes in systemic immune function will be assessed in patients compared with baseline and compared between groups. The data analysis will occur at completion of trial. Cytokines are done in duplicate and the coefficient of variance is \<15%. Phenotypes will be collected as a relative per cent of total cells and the change compared between treatments. Additionally, white blood cells that are not used for the immune assays will be assessed for fatty acid composition.
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If DHA incorporation into plasma phospholipids is significantly different within the DHA supplementation arm, factors that may influence incorporation will be compared in low versus high incorporators, to identify possible factors that predict incorporation, including body mass index (BMI), age, the estimated macronutrient intake and composition of dietary fat of women (estimated from the FFQ), histology of the tumour (provided from the biopsy), the amount of DHA consumed (adherence to the supplement) and length of time DHA was consumed (if treatment is ended early). We will also assess incorporation of other fatty acids (palmitic, oleic, linoleic, linolenic, arachidonic, eicosapentaenoic, docosapentaenoic) to determine if there are differences between or within treatment groups.

Caspase-3 changes and changes in CD4 and CD8 will be tested by IHC by the diagnostic biomarker laboratory at the Cross Cancer Institute on 4 µm sections from FFPE surgical specimens. At final analyses, IHC staining will be interpreted by image analysis. At time of interpretation, slides will be de-identified and coded to maintain the blind. All values (routine and image analysis) will be recorded as absolute percentage. Caspase-3 is a validated marker of apoptosis, and CD4 and CD8 are validated markers for lymphocytes. The calculated indices (absolute % and H-score) of biopsy and surgical resection will be compared on each participant and between participants receiving DHA compared with placebo.

pCR in resected breast tissue and axillary nodes will be assessed in H&E-stained tissue for evidence of invasive disease according to standard of care and recorded in patients' case report form. The rate of pCR in breast tissue and axillary nodes after surgical resection will be compared between participants receiving DHA supplementation compared with placebo.

Grade 3 and 4 toxicities will be assessed and recorded by the clinical trial nurse. Toxicities will be assessed on day 1 (±3 days) of each chemotherapy cycle. Dates of hospitalisation will be recorded in patients' case report form. Rates of chemotherapy-associated grade 3/4 toxicities, all-grade neuropathy and hospitalisations will be compared between DHA supplementation and placebo arms as scored by a medical oncologist in a standardised toxicity/neuropathy form for each cycle of chemotherapy.

### Exploratory outcomes {#s2-8-3}

The FFQ is a validated questionnaire for macronutrient intake.[@R50] The quality of life questionnaire is a validated questionnaire from the European Organisation for Research and Treatment of Cancer-Quality of Life Questionnaire-C30.[@R53] Exercise behaviour will be assessed using the modified Godin Leisure-Time Exercise Questionnaire.[@R54] Assessment of changes in quality of life and exercise behaviour will be compared from timepoints collected to baseline within and between treatment groups. We do not expect the supplement/placebo to influence this variable, but since exercise alters immune function, quality of life and tumour growth we have included it herein to determine if it changes during therapy.

The rate of breast conservation, specifically the rate of lumpectomy and modified radical mastectomy, will be determined by surgical and pathological reports at time of surgical resection. Volume estimates of blood loss will be assessed by review of surgical reports to see if there is a qualitative or quantitative difference between placebo and treatment arms, once adjusted for the type of surgery (lumpectomy vs mastectomy vs mastectomy + immediate reconstruction; sentinel node dissection vs full axillary dissection). Local control, relapse-free survival and overall survival will be analysed by electronic medical record and/or paper medical chart review at 3, 5 and 10 years. Data will be validated by a medical oncologist.

Data management {#s2-9}
---------------

All data will be entered and maintained in the REDCap trial database. Direct access to clinical and laboratory information on enrolled trial patients will be limited to the principal investigator, coinvestigators, trainees/staff who have had the appropriate training and approval, and study nurses and study coordinators who will have access to the source documents through the electronic medical record and laboratory information system at the Cross Cancer Institute. All patients will have biopsy and tumour samples for analysis, and we do not expect any missing data for the primary endpoint (Ki67). If supplement compliance is below 50% for more than two consecutive cycles, or if participants do not complete chemotherapy (to a minimum of four cycles), they will be excluded from final analysis of the primary endpoint. If patients do not have sufficient blood samples for the secondary analyses (DHA incorporation, systemic immune function), analysis will be performed using data from the remaining patients.

Statistical methods {#s2-10}
-------------------

### Primary outcome {#s2-10-1}

The per cent change in Ki67 will be determined as an absolute percentage and H-score. The number of patients showing a decrease and the 95% CI for the mean per cent change in the Ki67 level from baseline in patients receiving DHA supplementation will be compared with patients receiving placebo. The mean change will be measured using an independent t-test between the two groups.

### Secondary outcomes {#s2-10-2}

Paired t-tests will be used to compare the mean per cent change in the plasma DHA level of the patients after each cycle of chemotherapy with their baseline values. If the data are not normally distributed, the Wilcoxon signed-rank test will be used to compare the plasma DHA level after each cycle of chemotherapy with baseline. The difference in plasma phospholipid DHA from baseline and between DHA supplementation and placebo arms will be calculated, and the 95% CI for the mean per cent change in DHA level from baseline and groups will be assessed.

If systemic immune function data are not normally distributed, it will be log-transformed prior to analysis and the normality assumptions will be tested again. Repeated-measures analysis of variance with post-hoc analysis will be used to determine if there is an effect of treatment on immune function.

Factors affecting DHA incorporation will be examined by independent t-tests to compare the mean values between the DHA and placebo groups. χ^2^ tests will be conducted to determine correlation between two categorical variables for the outcome measures listed.

The within-subject and between-subject variability between the two groups for the mean per cent change in apoptosis and TIL markers will be tested using the generalised estimating equation method.

The 95% CI using independent t-tests will be conducted for the mean per cent change in pCR and rates of grade 3 and 4 chemotherapy-associated toxicities and hospitalisation in patients receiving DHA supplementation compared with patients receiving placebo.

### Exploratory outcomes {#s2-10-3}

Independent t-tests for macronutrient and fat content obtained from the FFQ will be examined between groups. Paired t-tests for continuous variables and McNemar's test for categorical variables will be assessed for mean per cent change in events between treatment arms for the quality of life and exercise questionnaires. χ^2^ tests will be used to compare the degree of breast conservation, and the volume of surgical blood loss will employ an independent t-test between the two study arms. Rate of local control will be compared between treatment arms using t-test of proportions. Recurrence-free survival and survival will be analysed using the log-rank test on Kaplan-Meier survival curves.

SAS V.9.4 software will be used for statistical analysis. A p value \<0.05 will be used for statistical significance. Two-sided tests will be used for all statistical tests.

Data monitoring {#s2-11}
---------------

The trial activities performed at the Cross Cancer Institute will be monitored by the Cross Cancer Institute, Investigator Initiated Trials Data Safety Monitoring Board (DSMB). The DSMB is independent of the investigator and is composed of representatives from both medical and radiation oncology.

The investigator will assess the relationship between protocol treatment and the occurrence of adverse events, and this assessment will be recorded in the database for adverse events. This study will use the International Common Terminology Criteria for Adverse Events V.5.0 for adverse event reporting. The reporting period for adverse events will start at the time the patient takes the first dose of DHA/placebo through and including 28 calendar days after last administration of study agent. If serious adverse reaction to treatment occurs, the Natural and Non-prescription Health Products Directorate, Clinical Trials Unit, Health Research Ethics Board of Alberta - Cancer Committee (HREBA.CC) and DSM will be notified as per guidelines. After 25 evaluable patients, all data and results will be submitted to the DSMB for review.

Auditing {#s2-12}
--------

As per the SPIRIT guidelines, the investigators, Cross Cancer Institute and the University of Alberta will permit trial-related monitoring, audits, Research Ethics Board, DSMB review and regulatory inspection(s), providing direct access to paper and/or electronic documentation pertaining to the clinical study (eg, case report forms, source documents such as hospital patient charts and investigator study files). All site facilities related to the study conduct could be visited during an audit (eg, pharmacy, laboratory, outpatient department) and are agreed to cooperate and provide assistance at reasonable times and places with respect to any auditing activity.

Patient and public involvement {#s2-13}
------------------------------

Patients were not involved in the protocol development or study design. However, oncologists and clinical trial nurses who work in the breast tumour group are involved in patient screening to assess eligibility for the study. The HREBA.CC-approved informed consent will be obtained from patients prior to their involvement in the study, and it informs patients of their right to withdraw at any time. At the end of the trial, results will be disseminated to the public through seminars, public talks and in peer-reviewed journals.

Ethics and dissemination {#s3}
========================

The study is registered at ClinicalTrials.gov. Protocol amendments will be submitted to HREBA.CC, Health Canada and the clinical trial registry prior to study implementation according to regulatory requirements. The formal consent of a participant, using the HREBA.CC-approved consent form ([online supplementary file 1](#SP4){ref-type="supplementary-material"}), will be obtained by a clinical trial nurse before the participant is enrolled in the study and will be signed by the patient and the principal investigator. A voluntary optional consent form for use of participant data and biological specimens ([online supplementary file 2](#SP6){ref-type="supplementary-material"}) will be offered at time of enrolment. Patient confidentiality and anonymity will be maintained and identities protected from unauthorised parties.
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Access to data will be restricted to the primary investigators and statistician. They will grant access to other team members as governed and approved by ethics. Ancillary care post-trial will occur as routine standard of care for all participants. Our objective is to determine the efficacy of using DHA supplementation concomitant with chemotherapy, and as such our results will be disseminated to clinicians for implementation in future treatment paradigms. The results will be submitted to peer-reviewed journals and presented at national and international conferences.
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